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A multi-windowing technique lor thresholding an image using local image properties 



(54) 

(57) a technique, specHicaly apparatus and an 
accompanying method, for accurately thresholding an 
image based on local image properties, specifically lum- 
nance variations, and particularly such a technique that 
uses multi-windowing for providing enhanced immunity 
to image noise and lessened boundary artifacts. Specif- 
ically a localized intensity gradient. G(i j). is determined 
tor a predefined window (300) centered about each 
imaoe Dixelfij). Localized minimum and maximum pixel 
•Intensity measures. and L^,. respectively, are also 
determined for another, though larger, window (330) cen- 
tered about pixel(ij). Also, a localized area gradient 
measure. GSflj). is determined as a sum '™*v£ua 
intensity gradients for a matrix of pixel positions (370) 
centered about pixel position (i j). Each image pixel(ij) is 
then classified as being an object pixel. i.e.. Hack, or a 
background pixel, i.e. white, based upon its area gradi- 
ent GS(ij). and associated L™ and Lmax measures. 
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Description 
TECHNICAL F "=' D OF THE INVENTION 



The invention relates to a technique. specifically apparatus and an accompanying method, for accurately thresh* 
okJing an image based on local image properties. specHically luminance variations, and particularly one that uses mutf- 
windowing for providing enhanced immunity to image noise and lessened boundary artifacts. 

RACKfiROlJND ART 

With digital image processing and digital communication becoming increasingly prevalent today, increasing amounts 
ot printed or other textual documents are being scanned tor subsequent computerized processing of one form or another 
and/or digital transmission. This processing may involve, for example, optical character recognition, tor converting printed 
characters whether machine printed or handwritten, from scanned bit-mapped form into an appropriate character set. 
such as ASCII, the latter being more suitable for use with word processing and similar computerized document-process- 

t £Tnning a gray-scale document typically yields a mufti-bit. typically eight-bit. value fa each pixel in me scanned 
document The value represents the luminance, in terms of a 256-level gray scale, of e pixel at a corresponding point 
in the document These pixels are generated, depending upon the resolution of the scanner, frequently at resolutions 
of 200 400 pixels/inch (approximately 80-160 pixels/cm), though with highly detailed images at upwards of 1200 or more 
pixelsAinch (approximately 470 pixels/cm). Consequently, a scanned 8 1/2 by 11 inch (approximately 22 by 28 cm) image 
wiB contain a considerable amount of gray-scale data. Inasmuch scanned text generally presents a written or printed 
characters of some sort against a contrasting colored background, typically white or black print against a white or light 
colored background, or vice versa, the exact luminance value at any one pixel in the text is not as important as whether 
that pixel is either part of a character or the background. Therefore, scanned textual images, or scanned textual portions 
of lamer images containing both text and graphics, can be efficiently represented by single-bit pixels in which each pixel 
in a scanned image is simply set to. e.g.. a "one" rf that pixel in the original image is part of a character or part of 
foreground information, or to. e.g.. a "zero- H that pixel in the original image is part of the image background. To easily 
distinguish the different types of scanned images, a gray-level image is defined as one having multi-bit (hence mult- 
value) pixels whereas a binary (or bi-level) image is formed of single-bit pixels. Furthermore, since binary images gen- t 
erate considerably less data for a given textual image, such as, e.g.. one-eighth, as much as for an eight-bit gray-scale 
rendering of the same image, binary images are more eff icient over conesponding gray-scale images and thus preferred 
for storage and communication of textual images. Binary images are also preferred because of their easy compressibility 
using standard compression techniques, e.g., CCITT Groups 3 or 4 compression standards. 

Gray-scale images are converted to binary images through a so-called thresholding process. In essence, each mutti- 
bh nixel value in a gray-scale scanned image is compared to a pre-defined threshold value, which may be fixed, variable 
or even adaptively variable, to yield a single corresponding output bit. If the multi-bit pixel value equals or exceeds the 
threshold value for that particular pixel, the resultant single-bit output pixel is set to a "one'; otherwise H the threshold is 
greater than the multi-bit pixel, then the resultant single-bit output pixel remains at "zero". In this manner, thresholding 
extracts those pixels such as those which form characters, or other desired objects, from the background in a scanned 
orav-scale image with the pixels that form each character, or object, being one value, typically that for black, and the 
pixels tor the background all being another value, typically that for white. For ease of reference, we will hereinafter 
collectively refer to each character or other desired object in the image as simply an "object". 

Ideally the best thresholding process is one which accurately selects all the object pixels, but nothing more, in the 
scanned image and maps those pixels to a common single-bit value, such as, e.g.. "one' for black. In practice, noise, 
backqround shading, lighting non-uniformities in a scanning process and other such phenomena, preclude the use of a 
single fixed threshold for an entire image. In that regard. H the threshold is too low. the resulting image may contain an 
excessive amount of noise in certain, rf not all regions; or, H too high, insufficient image detail, again in certain, H not aD. 
regions - thereby complicating the subsequent processing of this image; Given this, the art recognizes that a preferred 
approach would be to select a different threshold value that is appropriate to each and every pixel in the scanned image. 
Indoing so the proper threshold value is determined based upon local properties of the image, i.e.. certain image 
characteristics that occur in a localized image region for that pixel. Hence, the threshold would vary across the image, 
possibly even adapt to changing localized image conditions. . 

In general a common methodology for variable thresholding relies on measuring localized image characteristics, 
such as local intensity contrast (or gradient), local averaged intensity and/or local variance, in a local window centered 
about a pixel of interest and then using these measures to classify image pixels into either object pixels, black, or back- 
ground pixels white. Here. too. reality diverges from the ideal inasmuch this methodology is complicated, and often 
frustrated bv'a need to extract various objects in a wide range of documents but with minimal user intervention, such 
as for purges of initialization and object identification, and while still yielding a clean background in the thresholded 



2 



EP0 712 094 A2 



in^nrea,^ 

im ages. the art has persisted by ""'"J"^^ that, in practice, tend to Ml their utility, 

performance. However, all these approaches suiter J* image pr0 p e riies. are taught in M. Kamel et 

^"Cous approaches based "P° n ™*^^^ 

al -Extraction ot Binary Characterises ,ma 9^* r ° m ^L ay ^' ^ 1oflica , lev er approach is based on comparing a 
^LttKlk* V°l; tf„ N ° te 3 -^ 1-Toca, averages in "V**** 

gray level ot a given pixel or rts smoothed 9 ay eve. 1 a the given pixel is suHioently below 

centered about tour pixels orthogonally Eunound^hegiv^ P^^^ X - ma sk-based subtraction-, relies 

a tolr .oca. averages, then the j^**^ Fust, most* 

on considering every pixel -n an .mage as a «^ lunc tioning to remove -particle- noise. The 

t^ebackgrour* pixels are ^ 

titter is applied to tou, t^T^SL X ™^TX «™9* Stains character/graphics pixels which are black and 
ot 0. n/4. n/2 and 3n/4. The '^"'"0 ™«« y ^.mage ^ deteg ,, ng additional back- 

background pixels which are whrte^ere* Kenth eimere* "J^^e character/graphics pixel, the gray level 
ground pixels using a predetermined stroke w '^^..^J°^^p ix els. Lastly, a grayscale character/graph- 
l Ks background image is estimated ^J™^^ original scanned image with resulting 

,cs image is obtained by ^act.ng ^'^^ image. Though the global threshold 

difterences then being .^^^^^,^^^Z^ a varying background value essentia* 
value itself is tixed. bas,ng the es uHona** ^u^ese two approaches would appear to be somewhat immune 

e°Sng n dim and/or broken ^^'^2^'^ 4 868.670 (issued to R.R.A. Morton et al on September 

Another approach, as described ,n ^ S ^ ^ /oniS^ 
19 . 1989 arK. owned bythepresentass-gneeh fee dback signal. Here, whenever a transition 

value being a sum of a tracked ^Q' 00 ^ 1 *' ] ~Jf ^nlarily varied in a predefined pattern to momentariy 
occurs in the image, such as an edge, the feedback sgnal JJJJJ™SId P«el value has a reduced noise content, 
nudity ,he threshold value such that ^^^^ZSTai intensity transitions due to abrupt changes 

tlesin delecting low contrast W**>- Patent 4.468.704 (issued to J.C. Stoffel et al on August 28 1984). 

A further approach « described .n Unrted_ S»atas Patent . ^ ^ fe m fi p^-by-pixe! 

Here adaptive thresholding e implemented by usrng an ^ <mage °" se ^ fl , , ential fe used in conjunction 

basfs as a function of white peak and Wa * J a a P 016 "' 
with nearest neighbor pixels to prov.de an updated threshold ™ ue ™™~ £ t £ el ^ predetermined minimum 

ratelv and reliably th.eshokJing a gray-scale .mage to °5S?^,nhv7nd reduced boundary artifacts, as well as 
rrn^' 'pp QE the ifjyENJjQN, 

_ 4ho H-f iripnces in the art through our inventive multi-window 

We have substantially and advantageously overcome the defc.enc.es .nine a u» 

thresholding technique. ^ ^.^citx, madient G(i n is determined for each pixelOj) in an incoming 

SpecHica.^throughounnvent.on.a .ocak ^^^^7^. illustratively 3-by-3. of pixels centered 
, scanned gray-scale bit-mapped .mage. Th.s grad.ent .s delermmea ro detected tor an N-by-N pixel window 

Sut PixelOJ). Next, minimum intensity. L^,. max.mum '^^-'^Q^Tbeing a sum of individual intensity 
catered oveVthe image about pixel(ij). In add^n a ^^Z^^Z^S. centered about position <ij). 
gradients. is ascertahed for a .mm ' <^^ e ^^1^ a background pixel. i.e.. whhe. primarily based 
iach pixeKl.0 is then dassrf.ed as bemg an ob ject p.xel ^"JfJ" 8 and values. These three parameters are 
, upon te area gradient. GS(ij). and secondary ^.^^^^^Uno^vAr^. one for determining 
d^erminedtoreachandeveryP^ 

^SaLt^d^ 



gradient GS(i j) 
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Using these local measures, each image pixel(i j) is f irst classif ied as being near an edge or not. In that regard, each 
pixel near an edge is so classified if the local measures therefor, specifically its associated area gradient, exceeds a 
pre-defined threshold value. Otherwise, that pixel is viewed as falling within a locally flat field, i.e.. of relatively constant 
gray-scale. Specifically, edge pixels are classified by comparing their intensity values against average intensity values 
for local N-by-N pixel windows therefor; in contrast, pixels in llat fields are classified by comparing their intensity against 
a predetermined intensity value. 

In particular, an image pixel(ij) located in a vicinity of an edge in the image is detected whenever the area gradient, 
GS(i,j). for that pixel is high, particularly being larger than a predefined gradient threshold, GT. Once such a pixel is 
found, each pixel on a darker side of the edge is lound. This latter pixel being in the center of a local N-by-N, e.g., 7-by- 
7 pixel window is classified as an object pixel, i.e.. black, whenever its intensity, Le, is smaller than an average of its 
associated and L^, values. Alternatively, il the intensity of this latter pixel, Lc. exceeds the average intensity value 
of Ln- and l-max. ^ en this P articu,ar P* xel 15 classified as being background, i.e., white. 

Where the area gradient. GS(i j), for pixel(i j) is less than the gradient threshold, such as where the N-by-N window 
slides along an image region of relatively constant gray-scale, pixel(ij) is classified by simple thresholding, i.e.. thresh- 
olding its gray-scale value against a constant predefined threshold value. IT. Here, if the gray-scale value of pixel(ij) is 
less than the threshold value IT, this pixel is classified as an object pixel, i.e., black; otherwise, this pixel is designated 
as part of the background, i.e.. white. 

To enhance image edges and by doing so further increase thresholding accuracy, the intensity values of those pixels 
near an edge are modified. For the preferred embodiment, black pixels are illustratively represented by a value of 2ero 
and white pixels by a value of "1 Specifically, for those pixels located on a darker side of an edge and having an intensity 
value that exceeds the threshold value, IT, the intensity of each of these pixels is reduced to a value slightly below 
threshold IT, e.g., to a value IT-. In contrast, the intensity values for those pixels, located on a brighter side of an edge 
and having an intensity value less than threshold value IT, are increased to an intensity value slightly greater than thresh- 
old value IT, e.g.. to value IT+. A high quality binary image can then be produced by merely thresholding the resulting 
gray-scale image against pre-defined threshold value IT 

Advantageously, through the use of area (summed intensity) gradients, the present invention significantly reduces 
both background noise and boundary artifact generation while accurately extracting objects in a thresholded image. The 
modified gray-scale image, when subsequently thresholded using a fixed threshold value IT, greatly enhances detection 
of low contrast objects and thus readily produces a high quality binary image 

RRIEF DCSCR 'PTinM OF THE DRAWINGS 

The teachings of the present invention may be readily understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

PIG i depicts a high-le/el block diagram of document imaging system 5 that embodies the teachings of our present 
invention; 

FIG. 2 depicts the correct alignment of the drawing sheets for FIGs. 2A and 2B; 

FIGs 2A and 2B collectively depict a high-level flowchart of our inventive mufti-windowing thresholding method; 

FIG. 3A depicts a 3-by-3 matrix of pixel location definitions which we use in determining, through a "Sober gradient 
operator, gradient strength for current pixelflj); 

FrG. 3B depicts a graphical representation of an N-by-N neighborhood of pixels centered about a current pixel(i j) 
in an image intensity record; 

FIG. 3C depicts a graphical representation of an (N-2)-by-(N-2) neighborhood ol pixels centered about pixel position 
(i,j) in an image intensity gradient record; 

FIG 4 graphically depicts intensity profile 400 of an illustrative scan line of an original gray-scale image, such as 
that illustratively on document 10 shown in FIG. 1 ; 

FIG. 5 graphically depicts a modified intensity profile which results after thresholding intensity profile 400 shown in 
FIg! 4 according to the teachings of our present invention; 

FIG. 6 depicts a block diagram of a preferred embodiment of our present invention; 
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FIG. 7 depicts a block diagram ol Sum of Gradients Circuit 620 which lorms part of circuit 600 shown in FIG. 6; and 

FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. 

To facilitate understanding, identical reference numerals have been used, where possible, to denote identical ele- 
ments that are common to various f rgures. . 
nonrrgnF CARRViNf*OUTTHE INVENTION 

After reading the following description, those skilled in the art will quickly realize that our invention is applicable tor 
use m nearty anS document imaging system tor accurately threshdding scanned documentary .mages conta.n.nghne 
an both ^regardless ol what that line art contains and the media upon which the image ongma«v appears. For example, 
the iS an^SuW be graphs, maps, characters and/or line (ske.etal) drawings. Nevertheless tor the purpose ol ^nplrfyr^ 
he o^cS^ we wXscuss our invention in the context of use in thresholding scanned character data, such 

as textual letters and numbers, which we will collectively refer to hereinafter as "objects". 

Purposes of illustration and discussion, we define black and whrte gray-scale prxete ^^^^.^y; 

, »h . J^-0" and "255" respectively. For consistency, we also define output binary pixels wrth black bang "0" and 

that compare pixel intensities, as would be readily apparent to those skilled in the art. reversed from those 

6 ^K3 8 ^d d epW6^i 9 h-level block diagram of document imaging system 5 that embodies the teachings of our present 
I^n A^hawn system 5 is formed ol gray-scale scanner 20. digital image processor 30 and "simple" threshold.ng 
SlSS" ^^tion y document 10 contaWng various objects of interest is scanned by scanner 20 to produce mutti- 
S ^lly e^Srbit-mapped grayscale image date. L This data is routed, via feeds 25. to a data .nput of d,gjtel 
fl^nTocesS which in tumTnd to the extent relevant here, thresholds the scanned image data and generates both 
^Hi^raTscae image on leads 37 and an output binary image on leads 33. The modified gray^lermage. as 
d-Sn greJS detail below, has its edges enhanced by processor 30 to subsequer^y .nc.eas* trues^.ng ac«> 

™7^S Toray-scale image data appearing on leads 37 is routed to an input ol thresholding circuit 40 which- 
c^es^^-b» ^age pixel in thTmodified image data against a predefined .aed^shoW va^e thereby 
^nfsoSleo^simple- thresholding. The resulting thresholds, i.e.. binary, image prodded by crcurt 40 rs appl-ed. 
5?Z2 4? « ^omeToutput binary irroge. Digital image processor 30 performs threshold.no m accordance ^ wrth .our 
^rSUen^ Chandlehigh data throughputs required for processing bit-mapped images processor 30 rs prefer- 
^rbrSeaTom derfrcated hardware circuitry, including our inventive circuit 600 shown .n FIG. 6 and drscussed .n 
MenTatively. this processor can be implemented through one or more general P urposem.croprocess«s. 
SiSSated memory end supporting circuhry and surtably programmed to implemenl our present ,nvention .n soft- 
ware thatThe n,cropJccess<x(s) could execute instructions sufficiently fast to produce the reqursrte data 

throughput. our inventive ^^winoowing thresholding method 200 is collectively depicted in FKSs. 2A 

and to r whfch ^correct alignment of the drawing sheets tor these figures is shown in FK3. 2. Dunng the course of 
n^^ino method 200. reference will also be made to FK3s. 3A-3C where appropriate. 

Me S 200 fe performed for each and every grayscale pixel in an incoming Image, thereby rte^ng through the 
•^nV Snce the manner through which each gray-scale image pixel is processed * toentical across all such p,xels. we 
'XZJSrfZZ^^ in the context of processing generated pixe.(ij). where i and j are positive .ntegers and 
di^xe. Snte. and vertical indices within the incoming grayscale image. In addition to grayscale .mage data. 
t ule' s^oplieTvaTues of two input parameters, specif ically fixed thresholds IT and GT. These thresholds are adjusted. 
L deLrSd below either to provide satisfactory thresholding across a multitude of drHer.ng jmages wrth varymg char- 
^cteScJtuchat contrast and illumination, or can be adjusted to provide optimum thresholds lor any one type of 
SoTaS/o^ scanning condhion. In any event as a result of performing method 200 on all such grayscale •magepocels. 
LTeshcSedSary o" modified grayscale image will be generated, with each pixel in the res^ 
f T^^ e i^no image. Although not shown in FIGs. 2A and 2B. H a modified grayscale .mage rs tobe produced. 
MM in a "simple" fashion using a f »ed. pre-def med threshold, having a value IT. as *at value 
s^S be Z The modified grayscale image can then be further processed, e.g.. through scahng or f.lter,ng. as 
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^particular, upon starting method 200. step 203 is first performed. This step determines a gradient strength** 
• T-nS fe accomplished I by use of the so-called "Sober gradient operator on a wmdow of pwels centered about 

in^ua^ (1)-(3) be.ow. the Sobei operator relies on computing horizontal and vert.cal pDrel .ntensrty grad.ents. 
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GX(i j) and GY(ij). respectively, and tor each pixel position (i j) forming the gradient strength, G(i j) as an absolute sum 
of GX(ij) and GY(i j): 

GX(ij) « Lfi+1 + 2L(i+1 j) + L(i+1,j+1) - Lfi-1 - 2L(i-1 j) - L(i-1 j+1) (1) 
GY(ij) = L(M j+1) + 2L(ij+1) + L(i+1j+1) - LfKI - 2L(i.j-1) - Lfi+1 (2) 
G(ij)«|GX(ij)|4|GY(i i D| (3) 

where: G(i.j) is the gradient strength at pixel position 
(i j); and 

L(i j) is the image intensity, luminance, at pixel 
The re^^g^radient strength value for every image pixel collectively forms a gradient strength record lor the entire 

^Orrce'the gradient strength, G(i j). is determined for pxelfij), method 200 advances to step 206. This step, when 
performed determines the area gradient for pixel position 0 j). i.e., GS(i j). as the sum of the gradient strengths for each 
and every pixel position within an (N-2)-by-(N-2) window centered about pixel position (i j). This window is illustratively 
5-by-5 pixels in sire and is shown, as window 370, in FIG. 3Cfor an N-by-N, illustratively 7-by-7, window shown in FIG. 
3B the latter being window 330, centered about pixel(ij). For purposes of comparison, the periphery of ah N-by-N 
wiridow is shown as window 350 in FIG. 3C. Though shown sequentially to simplify illustration, step 245 is generally 
performed at essentially the same time, as symbolized by dashed line 244, as is steps 203 and 206. Step 244 determines 
both minimum and maximum pixel intensity values, L^ n and L^,. respectively, in an N-by-N window centered about 

P Xe Once the area gradient is determined for pixel position (i j). then, through the remainder of method 200. the three 
image measures. GS(i j) and I™ and L^,. associated with this particular pixel position are used to classify pbcelfi j) 
as an object pixel, i.e.. black, or a background pixel. Le.. white. 

In particular decision step 208 is performed to assess whether the value of the area gradient for pixel(i j), i.e. , GS(i j). 
exceeds^ pre-defined threshold value, GT. or not. This test determines whether pixelfi j) lies in a vicinity of an edge in 
the scanned image or not. If the area gradient is less than the threshold value, GT. then pixelftj) does not lie near an 
edoe Hence pixelfi D within a localbed relatively constant tone, i.e.. Haf field, region of the scanned-gray=scate— 
imaoe In this case, method 200 advances along NOpath211 emanating from decision block 208 to decision block 21 5. 
This latter decision block determines whether the gray-scale intensity of pixel(i j). i.e.. Uc. exceeds another pre-defined 
threshold value IT. rf this gray-scale value is less than the threshold, the pixel is classified as an object pixel, Le., here 
black- otherwise the pixel is classified as a background pixel, i.e., here white. Specifically, on the one hand, ff pixel 
intensity U is less than or equal to threshold IT, decision block 215 advances method 200. along NO path 217, to 
decision block 222. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. It a binary pixel is desired, then decision block 222 advances the method, via YES 
oath 225 to block 228 which, in turn, sets an intensity of output pixelfi j) to black, i.e.. zero. Alternatively, H a gray-scale 
output is desired then decision block 222 advances method 200. via NO path 224, to block 230. This latter block, when 
performed sets the intensity of output pixel(ij) to the intensity of Lc, without any modifications made thereto. If. on the 
other hand pixel intensity. 1*. exceeds threshold IT, decision block 215 advances method 200, along YES path 218, to 
decision block 232 This latter decision bock determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. If a binary pixel is desired, then decision block 232 advances the method, via YES 
oath 235 to block 237 which, in turn, sets an intensity of output pixel(ij) to white, i.e.. one. Alternatively, if a gray-scale 
output is desired then decision block 232 advances method 200. via NO path 234, to block 241 . This latter block, when 
performed sets the intensity of output pixelfi j) to the intensity of 1^. without any modifications made thereto. Once step 
228. 237 or 241 is performed, method 200 is completed for pixel(i j); the method is then repeated lor the next image 
pixel in succession, and so forth. ... . • 

Alternatively if area gradient. GS(i.j) exceeds the threshold value, GT, then pixel(i j) lies in the vicinity of an edge. 
In this case step 245 is now performed to ascertain the values of L^, and L^. H these values have not already been 
determined as set forth above. Thereafter, method 200 advances to block 248 which calculates an average pixel intensity 
value. U /occurring within the N-by-N pixel window centered about pixel position (i.j). This average intensity value is 
simply determined by averaging the values L^, and L™,. 

Once this averaoe value has been ascertained, method 200 advances to decision block 251 which compares the 
intensity of pixelfi D. Le.. L*. against its associated average intensity value. L^g. When this pixel is situated on a darker 
side of an edge and hence an object pixel, then its associated average intensity value will be greater than or equal to 
its intensity value Lc. In this case, the output binary pixel for pixel position (i j) will be set to black. Otherwise, if pixel(i j) 
is situated near an edoe but its average intensity value. L 8V0 . would be less than its intensity value, 1^. then this pixel is 
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i then decision block 251 advances method 20°. along NU paw <«* gray-scale oulput pixel. If a 

Amines whether a user has previous* SSSi^S pS. to clock 268^1*. in turn, 

bbary pxel is desired, then deas-on^^^ 

sets an intensity ol outo* P^K'j) to black . _e rero. However rf^gray ^ e<J> determines Aether 

advances method 200. v,a ^ pam 2^ 

value that is slightly less. I.e., IT-, than ^eshokj rT. associated avera g e intensity value. L^.. then decision block 

AHerhatively. H gray-scalep.xe hnten srty ^^^bSSi This latter decision bkx* determines whether 
251 advances method 200. along YES path Z X-Icele output pixel. If a binary pixel is desired, 
a user has previously instructed in\urn. sets an intensity of output 

then decision «ock 280 advarx^he m^^^ advances method 200. 

pi„e.<i j) to white. i.e o^»T£ tSXS^S^^S^ determines whether pixel intensity. is less 
via NO path 284. to decision block 290. This latter dkjck, wnen P * threshold IT. then method 200 

pr^ thr^lue ™* ^J^*^* ou*ut 1c* p^ the £e, 

294. toblock297. which, when m»£*™* me « £ ^ resp ectivel y . threshold IT is not critical 
T 7iS SUSS S - been performed for pfce* » me*od 200 is 

men repeated for the next ™°*J*~^ depicts intensity profile 400 of an illustrative scan 

With this understanding in mmd. c °^ e ^ il^SL! ^document 10 shown in FIG. 1. As a result of processing 
„ne of an engine, grayscale .mage, ^uch - 5^S!^iSS!?^ FIG. 5. results. As is readily apparent 
prof ile 400 through our nventare method modrt.ee * ^ xel6 located neB r an edge are modHied. 

from comparing prof i>es 400 and 500 onlyjte gr J^^*££ the £ P^ intensity is larger than threshold 
In this regard, when such a p.xel .sloratedma d arker s.de c* _an eog^ Alternatively, when an image 

value IT. the intensity of this pixel *^,3r^tJS^^S^lilIi?^ threshold IT. the intensHy of this pixel is 

55 p' we * fe j^:^ imase resutts * threshoWin0 * e resu,tinB 

Stdgray-s^ 

FiG.6depclsablockd.agramotapreieneond » h F|G , clearly, image processor 30 wouW 

As shown, circuit 600 .s formed ol l.ne de ' a y^^!^' y 625 650 and 655; 7-by-7 Max and Min detector 635; 
gradient detector 615; surn of grad.ents ™* compa « ^ ^ g^, and gates eee. 670 and 

averaging drcurt 640; JSS^. 2A and 2B and discussed in detail above. 

« 675. CircuH 600 collecfvey .mplements me«hod2« ?„."oi uted in parallel, via leads 605 and 608. to an input of 
,n operation, eighth input gray-scale : .mag *J™*£ 610. specHcaBy series-connected single 
„ ne delays 610 and to an fcjpul of 7^7 Max and "J^J^^^ daTa centered around image pixe.(ij). 
,ine delay elements 610,. 610 2 and 610,. p ov.de a f^^^M fine of the window. The outputs ol all three 
Each delay element is tapped at three locates ; tc J^^eiS «Hch. through calculation of the Sobe. 

„ delay elements ?£S£SS£fiZ tor p«e,(ij). i.e.. Gf.J). on output leads 617. This 

operator, as descr.bed above proves animensnyg ^ aien| i rtensity values 

gradient value is applied to an .nput to sum of grad erts «~"rt 620_ ^ a£ Qn area ojenl va , ue 
?n a 5-by-5 window centered aboul I prxe S detail below. This area gradient value 
6S(i.D. on 12-bH outputleads 622. Crcurt 620 its shown .nFIG .7 and oscu adienl thresho id. GT; 

* £ iplied to an input ("A") ol compare c ,r K5 wh,ch '«^-^'^^ eowh J l output, appearing on 
the latter being applied to another ^^i^SriSS^ <* "ot The comparison output is applied as an 
^-SSSSS rSlTSX^S?3£^ « discussed in detail be.cw. the appropriate 
°< one ol the preened values IT- or IT + . 
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Max and Miri detector 635. depicted in FIG. 8 and discussed in detail below, ascertains the maximum and minimum 
pixel intensity values, i.e.. and L^. of those pixels contained within a 7-by-7 window centered about pixelfij). 
Resulting and values, appearing on leads 637 and 639. are then averaged by averaging circuit 640. This circurt 
contains summer 642, which merely adds these two values together into a resultant sum, and /2 and delay circurt 646 
which implements a divide by two operation by shitting the sum one-bit to the right; hence dropping the least significant 
bit. The resultant averaged intensity value is then appropriately delayed within circurt 646 for purposes ol achieving 
proper synchronization within circuit 600. 

If the area gradient value, GS(i j), exceeds the pre-defined gradient threshold, GT, then the averaged intensity value, 
L used as a threshold level in determining the value of output center pixel(i j); else, if the area gradient value is less 
than or equal to the gradient threshold, then value IT is used as the threshold level in determining the value of output 
center pixel(i j). In this regard, the averaged intensity value, L avg , is applied to one input of comparator 650. The current 
center pixel value, Lc is applied through delay element 630 to another input of comparator 650 as well as to one input 
of comparator 655. The delay of element 630 is set to assure that the proper corresponding values of t^ and l^g are 
synchronously applied to collectively comparators 650 and 655, multiplexors 680 and 690, and gating circuit 660. The 
fixed threshold value, IT, is applied to another input of comparator 655. Comparator 650 produces a low or high or low 
level output on lead 653 if pixel intensity value is less than, or equal to or greater than, respectively, its associated 
averaged intensity value, La V g- ™ s oufpui level is applied to both one input CI") of multiplexor 680 and one input of 
AND gate 662. Multiplexor 680 selects the output binary pixel as between two bits generated from using two different 
thresholds, i.e., value IT or L avg . In that regard, comparator 655 produces a high output level at its A>B output whenever 
the predefined threshold value IT is greater than pixel intensity value L^. The level at output A>B is routed, via leads 
657. to another irput ("0") of multiplexor 680 and to one input of AND gate 670. Multiplexor 680 produces the output 
binary value for pixel (i.j). To do so, the comparison output level produced by comparator 625. indicative of whether the 
area gradient, GS(i,j). exceeds the gradient threshold. GT, is applied as a select signal, via lead 628, to a select f S") 
input of multiplexor 680. If this select signal is high, thereby indicating that the area gradient exceeds the gradient thresh- 
old, then multiplexor 680 routes the level applied to its "1 " input, i.e., that generated by comparator 650. to binary output 
lead 33: else, the multiplexor routes the level then appearing at its "0" input to lead 33. 

Multiplexor 690 routes the center pixel value. or a pre-defined value IT+ or IT- as the output gray-scale value to 
eight-bit output leads 37. Pre-defined values IT+ and IT- along with center pixel value Lc are applied to different corre- 
sponding eight-bit inputs to multiplexor 690. The output of this multiplexor is determined by the state of two select signals, 
SO and SI: rf these signals assume the binary values 2ero. m V or "3", then the multiplexor will route center pixel value 
Lc, value IT+ or value IT-, respectively, to output leads 37. Gating circurt 660, in response to the comparison output 
sionals produced by comparators 625, 650 and 655 generates, by simple combinatorial logic, the two select signal, SO 
and SI, applied to multiplexor 690. Specifically, rf the area gradient is not larger than the gradient threshold, then, as 
discussed above, gray-scale pxel value Lc without any modification, will be applied through multiplexor 690, to output 
leads 37. Alternatively, if the area gradient exceeds the gradient threshold, then multiplexor 690 will apply ether value 
IT+ or IT- as a modified gray-scale output value to lead 37 based upon whether center pixel intensity value is less 
than its corresponding average pixel intensity value, L^, or not. Since the operation of gating circuit 660 is seff-evident 
from the above description to anyone skilled in the art. it will not be discussed in any further detail. Values IT- and IT+ 
are merely held in appropriate registers (not shown) and from there applied to corresponding inputs of multiplexor 690. 

FIG. 7 depicts a block diagram of Sum of Gradients Circurt 620 which forms part of circuit 600 shown in FIG. 6. 
Circurt 620, as shown in FIG. 7, is formed of adder 710 and line delays 720, the latter containing four series-connected 
single-line delay elements 720 0 . 720 1f 720 2 and 720 3 . Incoming gradient intensity values are applied, over lead 617 
from gradient detection circurt 615 (shown in FIG. 6), to one input of adder 710, shown in FIG. 7. In addition, the output 
of each of the four line delays 720 is routed over a different one of four feedback leads 715 to a different corresponding 
input of this adder. As a result adder 710 forms partial sums of 1-by-5 gradient values which are applied, as input, to 
delay element 720 0 . To generate a 5-by-5 sum of the intensity gradients, hence producing an area gradient measure, 
four preceding corresponding 1-by-5 sums are added together within adder 710 to a present 1-by-5 sum, with the result- 
ant overall 5-by-5 sum being applied to output lead 622. Use of these delay elements connected in this fashion substan- 
tially reduces the amount of logic that would otherwise be needed to generate twenty-five intermediate sums. 

PIG e depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circurt 600 
shown in FIG. 6. As noted above, detector 635 determines the maximum and minimum pixel intensity values, L^, and 
Lmin respectively, within a 7-by-7 window centered about pixel position pj). This detector is formed of two separate 
circuits: maximum detecting circuit 805 and minimum detecting circurt 840 which extract a pixel value having a maximum 
and minimum intensity value, respectively, of all the pixels contained within the 7-by-7 window centered around pixel(i j) 
and respectively apply those two values to leads 637 and 639. Circurt 805 contains maximum detector 810 and line 
delays 820, the latter being formed of six series-connected single-line delay elements 820 0 , 820 1( 820 2 . 820 3 , 820 4 and 
82O5. Similarly, circurt 840 contains minimum detector 850 and line delays 860, the latter being formed of six series- 
connected single-line delay elements 860 0 . 860,. 860 2i 86O3. 860 4 and 86O5. Inasmuch as circuits 805 and 840 function 
is an identical manner with the exception that detector 810 locates maximum values while detector 850 locates a minimum 
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, -choihfrom the sameseries of pixel intensity values applied over lead 608. we wfll only discuss arcurt 805 ndeta.1. 
k ' £ThI I vS then readHy appreciate how circuit 840 functions from this d*cuss.on. 

i Tno leltmenX values allied, over .ead 608 to one input of maximum detector 810Jn addition the 
^T^me s!x tine delays 820 is routed over a different one of six feedback leads to a respective .nput of this 
output of .TxinLm detector 810 extracts the maximum pixel intensity value from a 1-by-7 senes of prxel 

5 d ? .^rSes S maximum value as input to line de.ay element 820 8 . In conjunction wth six preced.no corre- 

As one can now appreciate Th,P E hoid GT is set to Dioperly classify image pixels located in the vicinity 

by the va.ues defined to^ 

°! S^XZ ZTf^L tone. i.e.. iJi £*. In that regard, a tow IT value tends to class^r 

classify pixels locatea in «»'^ y relatively hioh GT value is used, then our invention for all practical 

, s p--.sotaunH„ 

purposes performs simrtar to ^ w lo classify pixels by essentiaHy solely corn- 

will always be larger than^ fr»e area g^nt ™£* * ^ can ateo produce an outline .mage through 

^ h!r h!ir a ^odated area gradients are larger than the gr^^ . 
*° P * t^uoVone ^f eTrilmbodfment of the present invention has been shown and ^^J^i uZiZ 
othe^S enSSme^ that incorporate the teachings of the invention may be easiy constructed by those skilled ,n 

the art 

m |f fp , ,ctp,ai APPLICARH ITY AND ADVANTAGES 

_ im/ pntion is useful in image scanning systems and particularly for thresholding scanned gray-scale 

The P'f ert n ^^ provides more accurate thresholding than that previous* 

rrX^XTnln^d ,rrj«y Jocund no*, in tha aaanned In*.,, and Sutton-.., 
eliminating boundary artHacts from a thresholded image. 



so 



35 



40 



Claims 
1. 



so 



55 



3. 



^ir^^* SEE. SE£SSSU« ^' — •-~' M « 1 "'■ * a,8C,e,i2ed " ,ha ' *• 

mattod *• "J^* „, a plurality 01 pixel values in m. input »nage. an «aa gnxliam value tor a M 

SS SI £. P=a*on. M^trS^^X, P*« cen»eo aPou. the 
contained within said second window.^ and _ maximum and minimum pixel values, a current one of 

ss^rs^s - — — - • — • 

position in the first output image. 

1 l^cition (i n in the input image, an intensity gradient. Gf. J), value for the cunent pocel posrtwn such 
iTTiS^^lS^ the input image, a plurality of corresponding intensity gradient values « 

d ^ in 1orrnfng the first window of intensity gradient va.ues from the plurality of intensity gradient va.ues and. in 
response to said first window, determining said area gradient value. 

tk m »ihnd in claim 2 wherein said first window forming and area gradient determining step comprises the step of 
nZ^^™!?* ** tensity gradient va.ues in said first window to produce the area grad.ent value. 
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4. The method in claim 3 wherein said thresholding step comprises the steps of: 

comparing the area gradient value. GS(i j), to a pre-defined gradient threshold value. GT, so as to produce 
a comparison signal indicative of whether a current one input pixel located at the current pixel position (I j) in the 
input image lies in a vicinity of an edge in said input image; 

"rf the comparison signal indicates that said current one input pixel does not Be in the vicinity ol the edge, 
thresholding, in response to said comparison signal, said input pixel value at position (i j) in the input image against 
a pre-defined fixed gray-scale threshold value, IT, to yield a corresponding binary output value at pixel position (ij) 

in the first output image; and 

if the comparison signal indicates that said one current input pixel does lie within the vicinity of an edge, 
setting, in response to said comparison signal, said corresponding binary output value to a first or. second state If 
the current one pixel value either exceeds or is less than an average of the maximum and minimum pixel values, 
respectively. 

5. The method in claims 3 or 4 wherein said intensity gradient measuring step comprises the step of producing the 
intensity gradient value for the current pixel position by processing said third window of input pixel values through 
a Sobel operator. 

6. The method in claim 5 wherein the third window is a 3 -by -3 window of input pixel values and the Sobel operator 
implements the following equations: 

GXflj) « L(l+1 j-i) + 2L(i+1 j) + L(k1 j+1) - L(M j-1) - 2L(i-1.D - L(i-1 j+1); 

GY(ij) « L0-1 J+1) + 2L(ij+1) + L(i+1 - UM j-1) - 2L(ij.1) - L(i+1 j-1); 

and 

G(ij)HGXflj)|+|GY(ij)| 

where: L(i j) is an input pixel value, in luminance, for 
the pixel position (ij) in the input image. 

7. The method in claim 4 further comprising the steps of: 

producing, in response to said comparison signal and the pixel value (Lc) a* the current pixel position (i j), a 
modified gray-scale output pixel value at position (i j) in a second output image, wherein, H the comparison signal 
indicates that the one current input pixel does not lie in the vicinity of the edge in said input image, the modified 
gray-scale output pixel value is set equal to the pixel value Lc, or if the comparison signal indicates that the current 
one input pixel does lie in the vicinity of the edge, the modified gray-scale output pixel value is set equal to a pre- 
defined value greater than or less than the threshold value IT when the pixel value Lc is greater or less than, respec- 
tively, the threshold value IT; and 

thresholding the modified gray-scale output pixel value, against the threshold value IT, to yield a corresponding 
second binary output pixel value at a pixel position (i,j) within a second output image. 

8. Apparatus for thresholding an input gray-scale image into a first output image, wherein said input image is formed 
of input pixels each having a multi-bit gray-scale pixel value associated therewith, and wherein said f irst output image 
is formed of pixels each having a corresponding output pixel value associated therewith, characterized in that the 
apparatus utilizes the steps recited in any of claims 1-7. 
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